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Þ✭ÑÓØÖÙÕÑÛì➑Ü❏ÙÖØ ❊⑤è✥Ý✏✼✈Ò❏ÔÕÙ✝✆➸ç✏✷❲ä✹Ù è✥Ý ✛❭Ò❏ÔÕå✞ï❸Ï ▼❤Ò➘Ø✞î✈ï➘è✥å✞ï❏ÙÕÔÕÑÓÒ➘Ø Ü➘è✥ÔÕÔÖÒ➘ØÕç✲è✥ì➑Þ✻Ò❏ì✩Ù✼ÔÖÒ➘ØÕç✲Ò➘Ü❏ÙÕÑ✽✼✈Ò❏å✞Ò❏ì✩Ù✝✆➈Þ➑ä✹ì➑Ø❬✷ÓÒ❞Ü➀ä✥Ø✬Þ✰✯ Ý✻ì
Ý✻ì✻Ñ✽✼✈Ò❏ÔÖØàØ✐ä✹ì➑Ø❜Ü➘è✥ì➑ØÕÙ✐ä✹ì❖ÙÖÒ◗Ü➘è❸ØÖå✞è✴✷Óè✥î❸Ñ✲✭✩Ý➑Ò ✆ ●✞Þ✻Ò➘Ø❜Ý✻ì✻Ñ✽✼✈Ò❏ÔÖØ❜Ò❏ì❁Ò✴õ✭ç❇ä✹ì➑ØÕÑÓè✥ì ❊➑ÑÛì✡✭➑ì✻ÑÓÒ ✆✲ä✥ØÕò❖å✡ç✻ÙÖè✥ÙÕÑ✲✭❖Ý➑Ò◗Ò❏Ù✚✭➑ì✻ÑÓÒ❸Ï✘✞❱Ï
ÐsÏ❇æßè✴✳❼Ò❏ÔÕÙÖØ✐è✥ì❮Ò❏Ù ×❱Ï❈❨➶Ï❯✵❅ä✸✷Ûé✈Ò❏Ô❜è✥ì✩Ù ÑÛì❖ÙÕÔÖè❖Þ✭Ý✻ÑÛÙ❜Ü➘Ò❏ÙÕÙÖÒ❀å✞ï❏ÙÕÔÕÑ✲✭❖Ý➑Ò❀✭✩Ý✻Ñ❳ç✲è✥ÔÕÙÖÒ✺✷ÓÒ❏Ý✻ÔÖØ ì➑è✥å✞Ø÷Ï







































































Ú❀ä✹ì➑Ø❀Ü➘Ò◗ØÖò✾ØÕÙÖâ❏å✞Ò➶Þ✻Ò➶Ü➘è✾è✥ÔÖÞ✻è✥ì✻ì➑ï➘Ò➘Ø✝✆✲Ý✻ì è✴✳✭ðñÒ❏Ù❙Þ✻è✥ì❖Ù❂✷ÓÒ➘Ø❀Ü➘è❖è✥ÔÖÞ✻è✥ì✻ì➑ï➘Ò➘Ø❈✢ ✵ ✒ ✑ ✒ ✙✥✤ ÔÖÒ➘ØÕÙÖÒ❏ì✩Ù❙Ü➘è✥ì➑ØÕÙ✐ä✹ì❖ÙÖÒ➘Ø❱ä✹Ý
Ü➘è✥Ý✻ÔÖØßÞ✭Ý ÙÖÒ❏å✡ç➑Ø⑦Ò➘ØÕÙ❺ÑÛå✡å✞è✴✳✻Ñ✽✷ÓÒ ✆❼ä✸✳➑ØÕÙÕÔ✐ä✥Ü❏ÙÕÑÓè✥ì ✛②ä✹ÑÛÙÖÒ❀Þ✻Ò❂✷✻✯ Ò✴õ✭ç❇ä✹ì➑ØÕÑÓè✥ì❮î✈ï❏ì➑ï❏Ô✐ä✸✷ÓÒ❙Þ✻Ò❀✷✻✯ Ý✻ì✻Ñ✽✼✈Ò❏ÔÖØ ✭❖Ý✻Ñ❣Ò➘ØÕÙ Ü➘è✥å✡ç✻ÔÕÑÓØÖÒ
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Combined limits Combined limits
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decalage vers le rouge




















Evolution de la distance lumineuse en fonction du décalage vers le rouge pour différentes cosmologies
Valeurs des paramètres cosmologiques
 =      0.72ΛΩ =      0.28 MΩ
 =         0ΛΩ =         0 MΩ
 =         0ΛΩ =         1 MΩ
 =         0ΛΩ =       0.3 MΩ
e
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0 0.2 0.4 0.6 0.8 1 1.2
 (ΩM, ΩΛ) = (1.0 , 0.0)
 (ΩM, ΩΛ) = (0.5 , 0.5)
 (ΩM, ΩΛ) = (0.2 , 0.0)
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(0.5,0.5)    (0, 0)
( 1,    0 )    (1, 0)
(1.5,– 0.5)
  (2, 0)
(ΩΜ,ΩΛ) = 
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(More total expansion of universe 
since the supernova explosion)
In flat universe:   ΩM = 0.28 [± 0.085 statistical] [± 0.05 systematic]
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☛ ✎✁  ✑✆☞❤✒ ✂✼✹❀✱✩✳✯✔✚✧✩✳✯✮
❡









✮✪✤❂✥ ✲✴■✽✵✽✛✠✤ ✢✎✤❂✧✳✷❋❊❈✮✪✤❈■✽❏✌✛✠✤❚✢✎❊❈❏✺✲✴❏✙❊✿✤❅✧✠✭✯■❑✩✦✢✎✤❯✧❄✲❣❇✿✭✯❖P✥✎■❑✤✿✩❑✩✽✛✠✭✯✮ ✩❑✭✯★✪✩
































⑦ ✧ ✩❑✤❃✰❆✭✯■✽❖❣✤❯★✎✮❙■❑✤❈◆❢✭✯✮✪✢❉✢✎✤✿✩❤❇✿✭✯★✪❇❀✸✪✤✿✩❤▲✙✤❈■❑✩❤✧✳✷❋✤❆➽✻✵❑❊❈■✽✛✠✤❈★✎■❃❁✺★✎✛ ✥✎■❑✭✬▲✙✭✜❁✜★✪✤
★✎✮✪✤❤✭✯✮✪✢✎✤●✢✎✤●❇❑✸✪✭✻❇●❁✜★✎✛✪✩❑✤✶✥✎■❑✭✯✥ ✲✴❏✙✤●▲✙✤❈■❑✩ ✧✳✷❋✤❆➽✻✵❑❊❈■✽✛✠✤❈★✎■
✓










➪❬❇✿✤❃❖❣✭✯❖❣✤❈✮✺✵●✧✠✤✿✩✶✮✪✤❈★✎✵✽■✽✛✖✮✪✭✌✩●■❑✤✿✩✽✵❑❊✿✩✶❇✗✲✴✥✎✵✽✛ ✰❆✩♦✢✔★ ❇✿✭✻✤❈★✎■♦▲✙✭✯✮✺✵♦✥❢✭✯★✎▲✙✭✯✛✖■✞✿❚✮✪✭✯★✎▲✙✤✗✲✴★❙✩✬✷❋❊✿❇❑✸ ✲✴✥✎✥❢✤❈■●✤❈✵✶✢✎❊❈✥❢✭✌✩❑✤❈■
✢✪✲✴✮✪✩ ❇✿✤ ❖P✛✖✧✖✛✠✤❈★❴❁✜★✎✛✺■❑✤✿✩✽✵❑✤✄✵✽■❑✾✿✩ ✢✎✤❈✮✪✩❑✤✄★✎✮✪✤ ✥ ✲✴■✽✵✽✛✠✤ ✛✖❖P✥✼✭✯■✽✵❀✲✴✮✜✵❑✤✶✢✎✤ ✧✠✤❈★✎■ ❊❈✮✪✤❈■✽❏✌✛✠✤▼✤❈✵ ✲✴✛✖✮✪✩❑✛✺✥❢✤❈■✽❖❣✤❈✵✽✵✽■❑✤✄✧✳✷❋✤❆➽✔✥✎✧✠✭✌✩✽✛✠✭✯✮
✓
❡





















☛ ✎ ☛ ☎ ✹✥✛✝✆✕✔ ✱ ☞❤✒ ✂✌✹★✱✩✳❲✔ ✧✩✳✯✮
❸




















✫✪✤❈✧✖✧✠✤❚▲✜✛✠✤❈✮✜✵❃✢✎✤❚✧✳✷❋❊❈✥ ✲✴✛✠✩❑✩❑✤❈★✎■❍✢✎✤❯✧✳✷❋✤❈✮✜▲✙✤❈✧✠✭✯✥✎✥✼✤❴✢✣✷ ✸✜✹✻✢✔■❑✭✯❏✙✾❈✮✪✤P❁✜★✎✛❨❖❣✭✻✢✔✛✄➒ ✤❅✧✳✷❋✭✯✥ ✲✯❇❈✛✖✵❑❊
✓
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✓➞✆ ✂➥✠☛✝⑦✠✪✓❂✝✜✘✑✠ ☞✤✌✍✗  ☞✓❚✕✁✗✍✕☞✓❂✝✜✘✙✘❭✞➥✠↕✠➢✞✡✠
  ✁✄✂✆☎✞✝✠✟☛✡✌☞  
✁
✔ ✮ ✮ ✏✓✒ ✔✖✕✘✗✓✙✛✚✄✂ ✁✓✔ ✫ ✂ ✒ ✔ ☎ ✜ ✝✆☎ ✝ ✒ ✧P✙ ✮ ✩P✙★✗ ✮










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































✝✂✁ ☎ ✄✝✆✟✞✡✠☞☛✍✌✜✂✎✠✑✏✒✏✟✓ ☎ ✠☎✞✂✔❁✟✂✁✟✕✗✖✘✠✙✆☎✄ ☎✚✠✛✄✜✁✝✆➁✠✟✞●☎✞✂ ✟✢✏✣✄ ✟✤✔✥✏✦✆ ✝✂✠✚✞✡✧ ✟✤✔★✓
 
✂ ☛☎✁✘✄✩✞✂✠✑✏
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✪✬✫❨✭✬✯ ✌✱✰✁ ②✳✄✂ ★ ✰❉✑✔✓✱✙✧✰✧★✫✴✷✳✽✛✢✓●❄❬✻✾❄ ✬❂✼❁★❀✳✩✴✷✰✧★✚✗❉❈ ★❀✳ ✗✚✙✱★❆✳✔✰❆✎✖✪ ✬✔✓ ✛❏✻✷✳✔✰ ❄ ✓✟✑✞❄❅✗✚✙ ✓ ✤ ✛✢✓✧✰ ✰✧✬ ✑✔✓✱✙✱✳✩✴✷✶❇✸ ✛✢✓P✗✚✦✧✑✔✓ ✺✭✻✾✴✷✌✧✰✘✓✱✙✱✶❇❈ ✓
✻✷✬ ☛❘✻✒❄✆☎✷✳✞✝✠✟✩✴✷❄❬✴✒❄❬✴✱✰●✦ ✻ ✛✒★ ✰❉✑✔✓✱✙✧✰✧★✫✴✷✳ ✛ ✓✧✰ ✕ ✴✷✬❂✙❆✌ ✓✧✰❁✛✢✓ ❄❅✬ ✼❁★✏✎✱✙ ✓ ✻✒✬❋✼✾✻✘✿✷★❆✼✲✬❂✼ ✓✧✰✭✗✍✛ ✓✡ ♦★☞☛
-20 0 20 40 60 80 100

























































































































































































































































































































































































































































































































































































































































































































































































✠ ➷ ❙ ❯❚✠✆☛☞❙❬☛

















































❊✜✲❏✰ ★ ✌♣★❏✰ ★✧❑ ✠✤✣ ❛✡✻✷★❆✳ ✓ ✗✍✻✷❄ ✰ ✎✩★✤★✷✎
❡❣❢✏❤➒✯ ✌✱✰✮✲✐✳
▼
✓✧✰✧✬❂✙ ✓ ✛✢✓✱✰■✗ ✻✷✬✒✿✲✛✢✓✍✰✱✬✘✑✔✓✭✙✧✳✩✴✒✶✹✸❥✐✮✶✹✻✷❄✏✓✱✬❂✙ ✰✡✼✯✓✧✰✧✬❂✙ ❈ ✓✧✰✒☎ ✛✒★ ❦ ❈✱✙ ✓✱✳ ✗❆✰❪✛✢❈✖✕ ✻✷❄❬✻ ❍✢✓✧✰❪✰❉✑✔✓✖✕ ✗✚✙✖✻✷✬✒✿ ✌ ✛❏✴✒✳✮✳✵❈ ✓✧✰









































































































































































































































































☛✍✌✁ ✍✌✄✂✼✁ ✆ ✝ ☛ ✟✤✞✡✄✜✠
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✝✂✁ ☎ ✄✝✆✟✞✡✠☞☛✍✌✜✂✎✠✑✏✒✏✟✓ ☎ ✠☎✞✂✔❁✟✂✁✟✕✗✖✘✠✙✆☎✄ ☎✚✠✛✄✜✁✝✆✢✠✟✞●☎✞✂ ✟✣✏✤✄ ✟✥✔✦✏✧✆ ✝✂✠✚✞✡★ ✟✥✔✩✓
 
✂ ☛☎✁✘✄✪✞✂✠✑✏




























































































































































































































































































































































































☛✍✌✁ ✍✌✄✂❍✁ ✆ ✝ ☛ ✟✥✞✡✄✜✠
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☛✍✌✁ ✍✌✄✂❍✁ ✆ ✝ ☛ ✟✥✞✡✄✜✠
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✲ ❊✩✦✹✰✭✗♠✎✱✼✯✓✖✌✭★❀✳✩✻✒★❀✙ ✓✯✛✢✻✷✳✔✰❁❄ ✓✖✪ ✬✔✓✱❄ ✬ ✳ ✓✠✳✩✻✒★❀✳✵✓✖✌✱❄ ✻✷✳✁ ✄✂ ✓ ✻☎ ✆ ✭✙✖❈ ✗❉✓✜✛✢✓✠❄ ✻ ✼✠✻❏✗✚★ ✎✱✙ ✓ ✛✢✓✾✰✭✴✷✳✝  ✴✷✼ ✑ ✻✘❍✷✳✵✴✷✳

































































































































































































































































































































































































































































































































































☛✍✌✁ ✍✌✄✂❍✁ ✆ ✝ ☛ ✟✥✞✡✄✜✠
 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































✓✭✗■✛ ✟ ✬❂✳✵✓✲❈✭✗ ✴✷★❆❄ ✓✲✛✢✓✌☞
✜
✎





















































































☛✍✌✁ ✍✌✄✂❍✁ ✆ ✝ ☛ ✟✥✞✡✄✜✠
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✓✭✗✍✛ ✟ ✬❂✳✵✓❁❈✭✗ ✴✷★❆❄✏✓ ✛ ✓ ✎
✜
✎





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































★✲✑✴✳✵✎✚✥✜✷✧★✲✌✱✷✭✹ ➜ ❄ ✌✏★✮✼✒✛✢★✫❅✏✎✚✥✧✙❆✠✔☛❇✕✲❈✤☛✔✥❆✠✏✗✚✌☞✙✪✕✲★✤✳☞✥✧✎✱✕✮★✲✙✜✙✜☛✏✙
☛✍✌✁ ✍✌✄✂❍✁ ✆ ✝ ☛ ✟✥✞✡✄✜✠
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✝✂✁ ☎ ✄✝✆✟✞✡✠☞☛✍✌✜✂✎✠✑✏✒✏✟✓ ☎ ✠☎✞✂✔❁✟✂✁✟✕✗✖✘✠✙✆☎✄ ☎✚✠✛✄✜✁✝✆✢✠✟✞●☎✞✂ ✟✣✏✤✄ ✟✥✔✦✏✧✆ ✝✂✠✚✞✡★ ✟✥✔✩✓
 
✂ ☛☎✁✘✄✪✞✂✠✑✏
✩✰✪✭✬✰✪ ✂✰✪✭✬ ✳ ✴✒✶❱✽✲✺✑✶❖✿❉❅✜❏▲✽✲❋✲✽❍✿✳✙✒✶❱▼ ✠✮✼ ✛✔✹✰✼✘✠❄✺✑❅ ✌ ✽✦✥✮❇✑✴✒✶❘✼✑✴●❋❍❅ ✆✾❅ ✌ ✌ ✴
✝
✁
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 0.9991
 0.8870E-01
facteur d’étirement pour les petits décalages vers le rouge
sn
e
✟✡✠☞☛✡✌❆✍✑✏☞q ✔ ❉ ✝❇✬♥✿✫✗❑✢❯✗❇✹ ✌✘✝ ✟ ✦✾✤✡✌❴❪❙✗✑✳✷✪❞✤✡☎✵✢✍✌❥✦✐❜ ❄❙✪✯✹✓✢◆✤✽✬✴✤✡✟❣✪✎✿✚✝ ☎✵✢ ✒ ☎ ✌✡☎✷✿■✤✽✢✍✟ ✝✆✑❃❂ ✿❣✢✬✝❀✳✽★✫✤✍✌✩✤❵✪❴✰❈✤✍✌  ❁s ✰ ✝❇✹✯✟✮✪✼✗❇✹✯✟❨✤✍✌






































Décalage vers le rouge10























Diagramme de Hubble dans le filtre B
 0.7ΛΩ 0.3, MΩ
 0ΛΩ 0.3, MΩ
 0ΛΩ 1, MΩ
 1, Grey DustMΩ
 0ΛΩ 0, MΩ
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Spectre a z = 0.45 et filtre d’observation
Filtre d’observations
 -1.3corrB_bessel  K
 0.19corrV_bessel  K
 0.69corrR_bessel  K
 0.79corrI_bessel  K
 restframebesselB
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Spectre a z = 0.9 et filtre d’observation
Filtre d’observations
 -4.8corrB_bessel  K
 -1.2corrV_bessel  K
 0.093corrR_bessel  K
 1.3corrI_bessel  K
 restframebesselB






















































✪❋P✠◗ ✏ ✁✓✒✕❘ ✎ ✳❉❚









































































































































































































































































































































































































































































































































❁❍✛✢✜ ✽■✛✫❇✻✮✰✜✻✸✦✥❺✜ ★✩✜ ✿✭❇✫✼✢✳✹★ ✳
✙
✜ ✲✹✜✻✛⑩✮ ★✩✜ ✛❢✷✹❁
✙




★❏✥✧✛✢✜ ❑ ✜✻✸ ❈✰✷✹✸■✼❊✥✧✶✧✷✹✸ ✿✭✜⑥★✪✳❬✼✢✷✹❁✁✽■❁❍✛✢✜ ✜✻✸ ✮✯✶
✙
✸■✳✹★✺✮✻❁❍✛ ✬✻✛✻❁❍✶✧✥✝✜✰✥♥✽✓✷✹❁✡✛✌❁✡✸ ✥❺✜✻✣ ✽✦✮⑥✿✙✘ ✜✛✚✯✽✓✷✹✮✯✶✧✥✧✶✧✷✹✸ ✿✭✜✢✜✤✣✓✜✱❁❍✛✢✜✯✮✦✥✪✽✂✷✹❁❍✛
✼✧✣✡✳✵✼✱❁✡✸✺✜⑥✿❍✜✯✮❄✶❉✣ ✳
✙
✜✯✮ ✿✭✜❆✛✢❇❉❈❊❇✻✛✢✜✻✸■✼⑩✜ ✜✱✥ ✿✭✜ ✛✫✜✢✼★✣✓✜✻✛✫✼★✣✓✜✪✩
✖✬✫
✸ ✼⑩✷✹✸✂✮✯✶❋✿✮✭✻✛✢✜✤★✩✜✤✼✢✳✈✮✚❈✱✳✹✲✈✷✹✛❢✳❍✬✻★ ✜⑥✷✰✯ ★ ✳ ✮✯❁✁✽✂✜✻✛✻✸■✷✹✲✴✳❬✜✯✮✻✥ ✍
✮✰✷✹✸ ✣✎✳✱✚❂✶ ✣✑❁✡✣ ✿✭✜✌★❏❁✡✣ ✶✲✭✻✛✢✜
✖✙✳













❁❍✛✢✜ ✣✎✷✹✸✦✥✧✛✢✜❂❁✰❁❃✘ ✶ ★ ✜✻✮✻✥❚✽✂✷✈✮⑩✮✻✶❋✬✻★✩✜ ✿✭✜ ✿❍❇✫✼✢✷✹❁✡✲❊✛✻✶ ✛ ❁❍✸♥✜ ✮✻❁❊✽✂✜✱✛✯✸■✷❂✲✴✳❤✍ ✿✭❇✢✼✢✳✹★ ✳
✙





✣✎✳✱✚❂✶ ✣✑❁✡✣ ✳✹✲✈✜✢✼ ❁❍✸ ✛❢✳✻✽✵✽✓✷✹✛✱✥❦✮✯✶
✙































































































































































































































































































































































































✜ ★ ✶❉✣✑✶❉✥❺✜❬✜✻✸ ❈✰✷✹✸■✼✰✥✧✶❋✷✹✸❤✿✹❁ ✥❺✜✻✣ ✽✦✮ ✿✙✘ ✜ ✚✯✽✓✷✈✮✻✶❉✥✧✶❋✷✹✸
✖




























































































































































































































































































































































































































































































Images de Images de 
Images
Soustraites





















































































































































⑤❄✑✗✰✵✎✒✫✙✥✙★✪✳✦✘✱✕✩★✪✚✦✫❅✸✱✕✪✚❨✑✔✜✢✺ r ✫✠✚✤✣✹▲✭▲ ❦
✌
✪
✑✔✜✢✺ r ✫✠✚✤✣✹▲ ✘✱✑✱★✩✥✠❧✭✓✿✕✪✜✢q✁★✪①✯✘✔✚✭✓✬✫☛✜✢✘✗✣✱✚☛✰✱✴✔✜✢✥✠✜✢✑✔✓✚✭❱❧✦✕✪✚✭✳✦✥✙✫✠✜✢✑✔✓✾✓✙★✛✜✢✑✗✺✬✘✱✕✩✥✙★✩✰✱✕✩★✪✚





































































①✇④✴❸✾①❢❶✯②✕s✧❷❋❸✾⑧❀⑨❪③✯❸✾s ⑤✁① ⑨ r✠⑨❪①❢✉✇❷✾t✁❸✾①❦⑤✁t
































































































❑✯★❉★ ❁❍✮✻✥✧✛✫✳❂✥✧✶❋✷✹✸❞✿✭✜✑★ ✳ ✼✢✷❂✛✯✛✢✜✫✼✰✥✧✶❋✷✹✸ ✿✙✘ ✜ ✙ ✼✢✳✵✼✱✶✧✥❺❇✼❁✱❁✂✳✹✸✦✥✧✶ ❁✱❁✗✜
✖✄✂
✙
✳❂❁✓✼★✣✂✜✻✸ ★✛✘ ✶ ✣✎✳
✙
✜ ✬✻✛✻❁✡✥❺✜★✸ ✳✹❁✟✼⑩✜✱✸✦✥✧✛✫✜✎★ ✳














































































































































✷✹✣ ✽✓✳✹✛✫✳✹✶ ✮✱✷✹✸❤✿✭✜✯✮✑✶ ✣✎✳
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✸ ✬✢✳✈✮✹✸❀✼✢✷✹✣ ✽✓✳❂✛❢✳✹✶ ✮✱✷❂✸ ✿✭✜✤★✪✳❬✿✹✶ ✮✱✥✧✛✯✶✾✬✻❁✓✥✧✶✧✷❂✸ ✿✭✜✯✮❦✽■✶ ✚❍✜✻★✕✮⑥✿✭✜ ❈✱✷✹✸✺✿ ✿✭✜









❇✢✜ ✜✯✮✻✥ ✽■★❏❁✭✮ ❈✰✳✹✶❋✬✱★ ✜ ❁✱❁✗✜ ✮✻❁❍✛ ★ ✘ ✶ ✣✎✳
✙




✁ ✜✌✽■★ ❁❍✮✹✸ ★ ✳⑥❈✰✷✹✛✻✣ ✜✎✿✭✜✎★✪✳ ✿✹✶ ✮✻✥✧✛✻✶❋✬✱❁✡✥✧✶❋✷✹✸ ✽✂✷✹❁❍✛




❇✢✜ ✜✻✮✻✥❚✽✂✳✹✛ ❈✰✳✹✶✧✥❺✜✻✣ ✜✻✸✦✥ ✼⑩✷✹✣ ✽✓✳❂✥✧✶✾✬✻★ ✜ ✳❂✲✈✜✫✼ ★✪✳
✙
✳✹❁❍✮⑩✮✻✶❋✜✱✸✗✸✺✜ ✳❂✥❋✥❺✜✻✸■✿✹❁✗✜ ✽✓✷✹❁✡✛ ★✪✳ ✿✹✶ ✮✻✥✧✛✻✶❋✬✱❁✡✥✧✶❋✷✹✸ ✿❂❁
❈✰✷✹✸■✿ ✿✭✜ ✼✱✶✾✜✻★
✖













































































































★ ✰✵✎✒✫✙✥✷✰✛✜✢✘✱✫✲①✯✘✔✚✦✕✪①✯✘✔✚✭✓❈❧✦✥✠✜✢★✩✕✪✚✭✓✲q✼❧❅✎✒✑✯✥✠✚✭✓✷✥✙✫✬✒✭✓✲✰✱✫✠✜❑✳✠✴✔✚✭✓❅✸❃★✩✕❇✚✭✓✙✥✲★✩✺✷✰❘✜✁✓✧✓✙★ r ✕✪✚❉✣✱✚❏✫✠❧✭✓✧✜✢✘✔✣✮✫✠✚❋✓✠✰✵✎ ✭
✥✙★✖✎✒✕✪✚✦✺✶✚✦✑❀✥❈✕✪✚✭✓✬❧✦✥✠✜✢★✩✕✪✚✭✓❭❁❾❵❳✑✇✰✛✚✦✘✱✥✬✣✱✜✢✑✔✳✶④❢✎✒★✩✫✠✚✷✕✄▲☞✎✒✰✱✰✱✫✠✜✥✏❑★✩✺✻✎✒✥✙★✪✜✢✑ ①✯✘✔✚✷✕✪✚✦✘✱✫❲✓✠★✩q✁✑✵✎✒✕P✚✭✓✙✥✤✰✛✜✢✑✔✳✦✥✙✘✔✚✦✕✄❁❃❙❯✚✦✰✛✚✦✑✔✣✔✎✒✑❀✥❅✸






✚■✰✱✫✠✜✮✜✔✕✬✣✹▲ ✘✱✑✔✚✉❧✦✥✠✜✢★✩✕✪✚✇✚✭✓✙✥❬✣✱✜✢✑✔✳✉✳❅✎✒✫✧✎✢✳✦✥✠❧✦✫✙★✪✓✠❧ ✰✵✎✒✫✗✕✖✎ ✫✠❧✦✰✛✜✢✑✔✓✠✚■★✩✺✷✰✱✘✱✕✪✓✙★✪✜✢✑✱✑✔✚✦✕✩✕✪✚ ✣✮✘ ✓✯✤✮✓✙✥✬✒✦✺✶✚
✎✒✥✙✺✶✜✁✓✙✰✱✴ ✒✦✫✠✚✒✑❚✥✠❧✦✕✪✚✭✓✠✳✭✜✢✰✛✚✁✸❆✚✦✕✩✕✪✚❉✚✭✓✙✥✷✎✒✰✱✰❘✚✦✕✪❧✭✚✗✣✔✎✒✑✔✓❈✕✪✚ ⑥ ✎✒✫✙q✼✜✢✑❤❖✏✙✡❯
✪
✰✛✜✢✘✱✫ ❖◗✜✢★✩✑✯✥ ✙✯✰✱✫✠✚❅✎✢✣❤❯✱✘✱✑✔✳✦✥✙★✪✜✢✑❂✸❃④❢✜✢✑✔✳✦✥✙★✪✜✢✑

























































✚✭✓❳◆✁✎✒✕✪✚✦✘✱✫✠✓☛✳✭✜✢✘✱✫✧✎✒✺✷✺✶✚✦✑❀✥✬✜ r ✓✧✚✦✫✙◆✼❧✭✚✭✓✏✣✔✎✒✑✔✓❳✕✪✚✭✓ r ✜✢✑✔✓☛✓✙★✩✥✠✚✭✓❳✓✧✜✢✑❀✥✏✚✦✑❀✥✙✫✠✚
❛✓✒✄✂✆☎ ☎ ✚✦✥ ❡✹✒✕❘✆☎ ☎ ❁✍✓❨✜✢✘✔✓


























★●✛✫✳✵✿✹✶❋✳✹★⑦✿✙✘ ❁❍✸✺✜✑❇✱✥✾✷❂✶ ★✩✜✝✽✂✷✹❁❍✛ ❁❍✸✺✜⑥✶❉✣ ✳
✙





✸✺✷✹✣ ✬✻✛✫✜ ✿✭✜✤✽■✶ ✚✭✜✻★
✖✏☞




✜✻✸✠★ ✳ ✲✴✳❂★ ✜✻❁✡✛❬✿✭✜✎★ ✳ ★ ✳✹✛
✙
✜✻❁✡✛❬✍ ✣✑✶ ✣✡✳✹❁✓✥❺✜✻❁✡✛ ✜✻✸
✽✺✶ ✚✭✜✱★✝✥❺★ ✜✻✮ ✥✧✛✫✷✹✶ ✮ ✿✭✜✻✛✻✸✗✶✲✭✻✛✫✜✻✮✑✲✈✳✹★ ✜✱❁❍✛✯✮✎✜✱✸✮✭✱✳❂❁❍✸✺✜✾✩❬✣✑❁❍★✪✥✧✶✕✽■★ ✶✾❇✢✜❆✽✓✳✹✛✑★✪✳ ✥✾✳✹✶ ★❉★✩✜ ✿✹❁ ✽■✶ ✚❍✜✻★ ✥✾✽
✖



















































































Sélection des étoiles pour le calcul du seeing





✁⑥✶ ✮✱✼✱✛✻✶ ✣✑✶❉✸■✳❂✥✧✶❋✷✹✸✂✮ ✿❍✜✯✮ ❇✰✥✾✷✹✶ ★✩✜✯✮ ✿✵✳✹✸✂✮ ★ ✜ ✽■★ ✳✹✸ ✽✓✳✹✛✫✳✹✣✦✭✱✥✧✛✢✜ ✿✭✜✤❈✰✷✹✛✻✣✎✜✞✝ ★ ✳✹✛
✙
✜✻❁❍✛ ✍✟✣✑✶ ✺ ✣✡✳✹❁✓✥❺✜✻❁❍✛
✖
☞
✜ ✼✯✜✻✛❢✼✰★ ✜ ✛❢✷❂❁
✙
✜ ✶ ✸■✿❂✶✵❁✱❁✗✜ ★ ✳✎✽✓✷✈✮✯✶✧✥✧✶❋✷✹✸ ✿✹❁❞✣✎✳✱✚❂✶ ✣✑❁✡✣ ✿✵✳❂✸✂✮❬✼⑩✜ ✿✹✶❋✳
✙
✛✫✳✹✣✑✣ ✜✻✸ ✶❉★✝✼⑩✷✹✛✯✛✢✜✯✮❺✽✓✷✹✸■✿ ✳✹❁✰✚ ❇✱✥✾✷✹✶❉★ ✜✯✮
✖ ☞
✳




































































▲☞✎✒✰✱✰✵✎✒✫✙★✪✚✦✺✶✚✦✑❀✥❨✣✱✜✢★✩✥❩✣✹▲☞✎ r ✜✢✫✠✣✗✳✧✴✔✚✦✫✠✳✠✴✔✚✦✫❩✘✱✑✔✚☛✥✙✫✧✎✒✑✔✓✙④✽✜✢✫✙✺✻✎✒✥✙★✪✜✢✑❬①✯✘✱★ ✎✒✺ ✒✦✑✔✚☛q✁✫✠✜✁✓✠✓✙★ ✒✦✫✠✚✦✺✶✚✦✑✯✥❩✕✪✚✭✓✿✳❅✎✒✥✧✎✒✕✪✜✢q✁✘✔✚✭✓
✚✦✑✗✳✭✜✰❉❢✑✔✳✦★✪✣✱✚✦✑✔✳✭✚✁✸✱✚✦✥❇✚✦✑✔✓✙✘✱★✩✥✠✚❳✫✧✎ ✣✶✑✔✚✦✫❇✳✭✚✦✥✙✥✠✚❨✥✙✫✧✎✒✑✔✓●④❢✜✢✫✙✺✻✎✒✥✙★✪✜✢✑❂❁✝✓❨✜✢✘✔✓❖✳✧✴✔✚✦✫✠✳✠✴✔✜✢✑✔✓❩✣✹▲☞✎ r ✜✢✫✠✣❉✓✙★♥✘✱✑✔✚❨✓✙★✩✺✷✰✱✕✪✚❨✥✙✫✧✎✒✑✔✓✚✭
✕✖✎✒✥✙★✪✜✢✑✐✎✒✺✶✚✦✑✔✚✦✫✶✕✪✚✭✓✶✳❅✎✒✥✧✎✒✕✪✜✢q✁✘✔✚✭✓✻✚✦✑❊✳✭✜✰❉❢✑✔✳✦★✪✣✱✚✦✑✔✳✭✚③✚✦✑ ✴✱★✪✓✙✥✠✜✢q✁✫✧✎✒✺✷✺✻✎✒✑❀✥❋✕✪✚✭✓✷✣✮★ ⑦✹❧✦✫✠✚✦✑✔✳✭✚✭✓✻✣✱✚✭✓✶✳✭✜❑✜✢✫✠✣✱✜✢✑✱✑✔❧✭✚✭✓✻✣✱✚





















④❢✜✢✘✱✫✙✑✱★✪✓✠✓✠✚✦✑✯✥❯✎✒✘ ⑥ ✜✢✘✱✫✠✣✹▲ ✴❀✘✱★♥✘✱✑✔✚✿★✩✺✻✎✒q✼✚✾✎✭◆✼✚✭✳✾✘✱✑✮  ❙✜✙❘✸✼✚✦✑✶✘✱✥✙★✩✕✩★✪✓ ✎✒✑❀✥P✕✪✚✭✓❆★✩✑✮④✽✜✢✫✙✺✻✎✒✥✙★✪✜✢✑✔✓❖✣✱✚✿✰❘✜✢★✩✑✯✥✠❧✾✣✮✘✷✥✠❧✦✕✪✚✭✓✠✳✭✜✢✰✛✚✁✸





✚✭✓✧✓✧✎✒★❑①✯✘✔✚❖④❢✎✒★✩✥✞✑✔✜✢✥✙✫✠✚❇✳✭✜✯✣✱✚✁❁✰❈■✎✒★✪✓◗①✯✘✔✜✢★✱①❀✘❂▲ ★✩✕✱✎✒✫✙✫✙★✩◆✼✚✁✸✢✕✖✎✾✥✙✫✧✎✒✑✔✓●④✽✜✢✫✙✺✻✎✒✥✙★✪✜✢✑✶✓✧✚✦✫✧✎❳✎ ⑥ ✘✔✓✙✥✠❧✭✚❯✓✙✘✱✫❃✕✪✚✭✓✞✳✭✜❑✜✢✫✠✣✱✜✢✑✱✑✔❧✭✚✭✓❄✣✱✚✭✓




































































































❁❍✛✢✜✠✣ ✷❂✸✦✥✧✛✫✜❚✮✯❁✡✛❚★✪✳ ✿✹✛❢✷❂✶❉✥❺✜ ★✪✳ ✿✹✶ ☎ ❇✱✛✫✜✻✸✺✼⑩✜❆✿✭✜✯✮❄✳✭✬✯✮✰✼✱✶ ✮✯✮✰✜✯✮ ✥✇✜✱✸✼✣✡✳✹❁✓✥ ✩ ✜✱✥⑦✿✭✜✯✮✠✷✹✛✫✿✵✷✹✸✗✸♥❇✢✜✯✮✢✥✇✜✱✸
✬✫✳✈✮✪✩✠✽✓✷❂❁❍✛✤★✩✜✯✮✤✷✭✬✏✭✰✜✱✥❉✮✌✿✭✜✌✿✭✜✱❁✰✚✎✶ ✣✎✳
✙
✜✻✮✤✿✹❁ ✣✝✆✻✣ ✜✌✼★✣✡✳✹✣ ✽✎✽✺✛✯✶ ✮❆✳✹✲✈✜✢✼✌★ ✳
✏✠✟
✒✢✔✗✖✟✞✠✂●★ ✜❀✽✺✶✧✼⑥✿✭✳✹✸✂✮❄★ ✘ ✣❍✶ ✮✱✥✾✷
✙
✛✫✳✹✣✑✣✎✜
✼✢✷✹✛✻✛✢✜✯✮✾✽✓✷❂✸■✿☛✡ ★✪✳ ✥✧✛✫✳✹✸✂✮✻★✪✳✵✥✧✶✧✷✹✸ ❁✱❁❍✶⑦✽✂✜✻✛✻✣ ✜✱✥❄✿✭✜❆✽✓✳✈✮✯✮✰✜✻✛ ✿✙✘ ❁❍✸✺✜ ✶ ✣✎✳
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★ ✳✎✣✝✆✻✣ ✜ ✼★✣✡✷✈✮❊✜ ✜✻✸ ✿✭✜✻❁ ✚ ✿✹✶ ✣ ✜✻✸✗✮✯✶❋✷✹✸✂✮✍✂
☞
✜ ✼✢✳❂✛✯✛✢❇ ★✩✜✝✽■★❏❁❍✮⑥✶ ✣ ✽✓✷✹✛✱✥✾✳✹✸✦✥✝✼✢✷✹✛✻✛✫✜✻✮✾✽✓✷✹✸✺✿✵✳✹✸✦✥✎✡❬★✪✳❬✥✧✛✫✳✹✸✂✮✯★ ✳❂✥✧✶❋✷✹✸✏✂
❵❳✑❬★✩✥✬✒✦✫✠✚ ⑥ ✘✔✓✠①✯✘❂▲☞♣❈❧✦✕✩★✩✺✷★✩✑✵✎✒✥✙★✪✜✢✑❍✳✭✜✢✺✷✰✱✕★✒✦✥✠✚✤✣✱✚✤✥✠✜✢✘✔✓✿✕✪✚✭✓❩✜ r✮⑥ ✚✦✥✠✓✾✎✭◆✼✚✭✳❲✣✱✚✭✓✿✫✠❧✭✓✙★✪✣✮✘✔✓✿✥✙✫✠✜✢✰❬★✩✺✷✰✛✜✢✫✙✥✧✎✒✑❀✥✠✓❭❁
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✕✪✚✭✓❳✳✦★✩✫✙✫✙✘✔✓ ✮②✸✔✰✛✚✦✘✱◆✼✚✦✑❀✥✾◆✁✎✒✫✙★✪✚✦✫❳✣✹▲ ✘✱✑✔✚✬★✩✺✻✎✒q✼✚❈♣✷✕✄▲☞✎✒✘✱✥✙✫✠✚❲✚✦✑❬✰✵✎✒✫✙✥✙★✪✳✦✘✱✕✩★✪✚✦✫☛✓✙★ ✚✦✕✩✕✪✚✭✓
✑✔✚✤✓✠✜✢✑✯✥✿✰✵✎✢✓❩✥✠✜✢✘✱✥✠✚✭✓✾✎✢✳✭①✯✘✱★✪✓✠✚✭✓✿✕✖✎✷✺✎❩✦✺✶✚✏✑❀✘✱★✩✥❅❁
♠♦✕♥✚✭✓✙✥❇✣✱✜✢✑✔✳❨✓✠✜✢✘✱✴✵✎✒★✩✥✧✎ r ✕✪✚☛✣✮✘✱✫✧✎✒✑❀✥✿✳✭✚✦✥✙✥✠✚ ✕ ✎✢✣✱✣✮★✩✥✙★✪✜✢✑✧✙❨✣✱✚✾✣✱✜✢✑✱✑✔✚✦✫❇✘✱✑❋✰❘✜✢★✪✣✱✓❯✰✱✕✩✘✔✓❖★✩✺✷✰❘✜✢✫✙✥✧✎✒✑✯✥❩✎✒✘✧✏✻★✩✺✻✎✒q✼✚✭✓❇✣✱✚
✺✶✚✦★✩✕✩✕✪✚✦✘✱✫✠✚✬①✯✘✵✎✒✕✩★✩✥✠❧✁❁
❖✞✜✢✘✱✫③✓✙★✩✺✷✰✱✕✩★✑✜✵✚✦✫s✕✪✚✭✓✗✑✔✜✢✥✧✎✒✥✙★✪✜✢✑✔✓❅✸❩✑✔✜✢✘✔✓s✓✙✘✱✰✱✰❘✜✁✓✧✜✢✑✔✓❬✣✔✎✒✑✔✓❬✳✭✚ ①✯✘✱★✤✓✙✘✱★✩✥❬①✯✘✔✚✉✕✪✚✭✓❉④❢✜✢✑✔✣✱✓❬✣✱✚✉✳✦★✪✚✦✕✬✜✢✑❀✥③❧✦✥✠❧
✓✠✜✢✘✔✓✙✥✙✫✧✎✒★✩✥✠✓❭✸◗✳✁▲▼✚✭✓✙✥✷♣③✣✮★✩✫✠✚❏①✯✘✔✚✻✕✪✚✭✓❲★✩✺✻✎✒q✼✚✭✓❈✰✱✫✠❧✭✓✠✚✦✑❀✥✠✚✦✑✯✥✶✣✱✚✭✓✲✜ r✮⑥ ✚✦✥✠✓✲✓✙✘✱✫❲✘✱✑✇④❢✜✢✑✔✣ ✚✦✑ ✺✶✜✥✤✼✚✦✑✱✑✔✚❉✑✯✘✱✕✄❁❃❙❯✜✢✺✷✺✶✚
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❁✡✛✢✜ ✣ ✷❂✸✦✥✧✛✫✜ ✜✻✸❞✽✓✳✹✛✱✥✧✶❋✼✱❁❍★❏✶✾✜✻✛❄❁✱❁ ✘ ✶ ★❆✜✻✮✻✥✑✿✹✶ ✂ ✼✰✶ ★✩✜ ✛✢✜ ✭❊✜✱✥❺✜✻✛ ★ ✜✯✮ ✳❂✛✻✥❺✜❉❈✰✳✵✼✰✥❉✮ ✳❂❁























































②☎⑨❪①⑥⑨✕①✇✉✇❷✾①❢t✴❸❄s✚❂ ②❪④✹❻✰t✈②☞☛✇❷✾①⑥⑤✁①✌⑨✕r✟✿✝t✴⑨❪❷✾②❪❼✴⑨✕②❪✉✫r✢❷✾②❪③✻④ ⑤✁①❢s✠✉✫r⑩❸❋❷✾①❢s ❀✈②❪④✈r✯②❿❸✾①❢s❄r✯s❋s❋③✰✉❢②❪⑧❢①✇s✍✌ ✉❺❹✹r✻❻✰t✴①✤②✂✿✠r✯❶✻①⑥⑤✁①✌s❋✉❢②❪①❢④✈✉✇①✣✾♥①✇❷✎✌ ⑨❪①❢t✁❸







































































✕✪✚✭✓✚✙✤✎✒✘❬✣✱✚✭✓✠✓✙✘✔✓✾✣✱✚☛✕✖✎ ✕❱✺✶✚✦✫✚✙✤✣✱✚ r ✫✙✘✱★✩✥❅❁


















✣✱✚❯✕✄▲▼✜✢✫✠✣✮✫✠✚✿✣✮✘❈✑✔✜✢✺ r ✫✠✚✿✣✱✚❯✰✱★✑✏✮✚✦✕✪✓❄✓✙✘✱✫✞✕✖✎❳✕✖✎✒✫✙q✼✚✦✘✱✫❆✣✮✘✻❙✿❙ ❦
✮②❁✢⑤❄✑✧✜✔✑❂✸





















































































































































































































































































































































✎✢✓✠✚✲✣✱✚❲④❢✜✢✑✔✳✦✥✙★✪✜✢✑ ①❀✘✔✚❈✳✭✚✦✕✩✕✪✚✲✰✱✫✠✜✢✰❘✜✁✓✧❧✭✚❲✰✵✎✒✫ ★❳✕✖✎✒✫✠✣✹❁ ❙❨▲▼✚✭✓✙✥☛✘✱✑✔✚✲✳✭✜✢✺ ✭


































❵❳✑ ✰❘✚✦✘✱✥❈✳✠✴✔✚✦✫✠✳✠✴✔✚✦✫✲✣✱✚✭✓❈✓✠✜✢✕✩✘✱✥✙★✪✜✢✑✔✓❈✎❅◆✼✚✭✳✶✘✱✑ ✑✔✜✥✤❀✎✒✘ ✕✪✚✦✑❀✥✠✚✦✺✶✚✦✑❀✥✲◆✁✎✒✫✙★✖✎ r ✕✪✚✻✣✔✎✒✑✔✓❲✕✪✚✶✳✠✴✵✎✒✺✷✰ ✰✛✜✢✘✱✫✬✰✛✜✢✘✱◆✼✜✢★✩✫
✰✱✫✠✚✦✑✔✣✮✫✠✚✤✚✦✑s✳✭✜✢✺✷✰✱✥✠✚✬✣✹▲▼❧✦◆✼✚✦✑❀✥✙✘✔✚✦✕✩✕✪✚✭✓❨◆✢✎✒✫✙★✖✎✒✥✙★✪✜✢✑✔✓❳✣✱✚☛✕✖✎✪✩ ✙❈❇✈✣✔✎✒✑✔✓❩✕✪✚✏✳✧✴✵✎✒✺✷✰❂❁
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✫✠❧✭✓✠★✪✣✮✘✔✓✤✺✶✜✥✤✼✚✦✑✔✓❲✣✱✚✷✓✠✜✢✘✔✓✙✥✙✫✧✎✢✳✦✥✙★✪✜✢✑✇✚✦✑■④❢✜✢✑✔✳✦✥✙★✪✜✢✑✇✣✱✚✲✕✖✎❉✣✮★✪✓✙✥✧✎✒✑✔✳✭✚❏✎✒✘✇✳✭✚✦✑❀✥✙✫✠✚✶✣✱✚✭✓✬✜ r✮⑥ ✚✦✥✠✓ r ✫✙★✩✕✩✕✖✎✒✑✯✥✠✓❅✸✹✫✧✎✒✰✱✰✛✜✢✫✙✥✠❧✭✓
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✎✒✘ ✣✱✚✭✓✠✓✠✘✔✓❈✣✹▲ ✘✱✑ ✓✠✚✦✘✱★✩✕✿✓✠✜✢✑✯✥✷✚✦✑✔✓✙✘✱★✩✥✠✚❉✓✠❧✦✕✪✚✭✳✦✥✙★✪✜✢✑✱✑✔❧✭✓❅❁❀❵❳✑ ✚✭✓✙✥✙★✩✺✶✚✗✎✒✕✪✜✢✫✠✓❈✰✱✫✠❧✭✳✦★✪✓✠❧✦✺✶✚✦✑❀✥✶✕✪✚✦✘✱✫✲✰✛✜✁✓✙★✩✥✙★✪✜✢✑✔✓❅✸✺✗✔✘✧✏ ✚✦✥
✓✠★✩q✁✑✵✎✒✕❆✓✙✘✱✫
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✜ r✮⑥ ✚✦✥✠✓❆✓✙✘✱✫❄✕✖✎❨✫✠❧②④❢❧✦✫✠✚✦✑✔✳✭✚✁❁❀♠♦✕✮✰❘✚✦✘✱✥❆✣✱✜✢✑✔✳❩✫✠✚✭✓✙✥✠✚✦✫❆✣✱✚✭✓❄✫✠❧✭✓✙★✪✣✮✘✔✓P✎❅◆✼✚✭✳❩✣✱✚✭✓❆✓✙★✩q✁✑✵✎✒✘✧✏✶✓✙✘✱✫ r ✫✙✘✱★✩✥P✎✒✘❏✣✱✚✦✕✖♣☛✣✱✚✭✓❆✳✭✜✢✘✱✰✱✘✱✫✠✚✭✓
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☛✌☞☛✡✌☞ ✏❃❂ ✙✎✍ ✑✢✜✣✓✖✙✑✏✾❄ ✗ ✓✖✙✟✝✚✜ ✤
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☛✡☞✻✡❍✡ ✏ ✑ ✤❆❅ ✙ ✙ ✙
✗✞✝







































































































































































Position(x,y)    = 1499.22 ,  1674.71
Signal/Noise     = 10.7144
Signal/Noise sub1    = 4.89590
Signal/Noise sub2    = 10.0548
Flux             = 44128.0
Magnitude        = 24.6176
Increase   = 1.13692
RA,DEC (J2000) = 14:01:59.891  05:04:59.85
DASS12 = 0.713224
Field :/data/leo/sub_best/D4ccd10I
Name  : Loiret_best_split
☎✝✆✶✞✝✠✥✡✄✂✿☞✙✭ ✏
✟
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 SIG/NOI =   144.6
 X =  951.12
 Y = 2357.65
 DIST ASS = 20.285
 MAG HOST = 18.99
REF SEEING = 0.73









































































































































 MAG = 24.58
 SIG/NOI =   7.91
 INC =   1.31
 DATE = 16/03/2002
 MAG = 23.39
 SIG/NOI =  17.34
 INC =   3.92
 DATE = 19/03/2002
 MAG = 21.88
 SIG/NOI = 122.69
 INC =   15.7
 DATE = 12/04/2002
 MAG = 22.19
 SIG/NOI =  48.20
 INC =   11.8
 DATE = 17/04/2002
 MAG = 22.24
 SIG/NOI =  30.08
 INC =   11.3
 DATE = 20/04/2002
 MAG = 22.27
 SIG/NOI =  27.96
 INC =   11.0
 DATE = 22/04/2002
 MAG = 22.61
 SIG/NOI =  21.71
 INC =   8.05
 DATE = 03/05/2002
 MAG = 23.03
 SIG/NOI =  25.74
 INC =   5.47
 DATE = 08/05/2002
 MAG = 99.00
 SIG/NOI =   0.00
 INC =   0.00
 DATE = 11/05/2002
 MAG = 23.22
 SIG/NOI =  11.19
 INC =   4.56
 DATE = 17/05/2002
 MAG = 23.49
 SIG/NOI =  15.08
 INC =   3.56
 DATE = 20/05/2002





































☞  ✢✜✦✥ ✜☛✜✠ ✓✞✫✜❈☞ ✜ ✍✚❢ ✣
✖
✞✻✥










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































▲✴❣❪❫❤⑨❛❑❀❚❱❜❝❨❩q❘❣❃▲◆❯❪➆❺❭✱❣❃❦❳❯✗❜❡❞ ❫❤❬✐❚❱⑨❺▲✘✗ ✍✑✏ ✒ ▲✡❣❪❖✌◗❳❨❩❑❘✈✧❿
✗✙✍✑✏ ✒✛✚✢✜✣✟☛✡✌☞✎✍✤✏ ✒✦✥✧✕✝✥✩★✪✍✑✏ ✒✬✫ ✭✯✮❧✇✱✰✳✲




















❅✘❇❭❈❋❊❪✗ ✍✑✏ ✒✳● ✚❄■
❏
✍✤✏ ✒





















































































































































































































































































































































































































































































✂ ✄♥✂❝✞◆✠✂✚➀✤➈☞☎✠➉✢✩✚✝✞❧✄ ✂✽✠❆✤➈✢✝☞✙✤✷✞ ✘✛✄ ✂✽☞➀✤t✢✩☞✎✤✄✂➏✞ ★✂✞
✰❜➃❛❾



















































































































































































































































✸✹✚❃✔✖✤ ★✪✚◆✸✹✤✙✒✵✚ ✗ ☞✮✤✙❅ ☞✛✔✖★✪✸✹●✞✦✵✘✛✚✥✸☞❅❆✫✼✤ ★▲✔✖✏✓✒✕✔✖✘✛✚
➄
▲✻❖❃❭◆❜❴▲✡❣❃✈✡❨❩❙✭▲✻✬☎❦❳q❳q❳❜❴▲●❚✐❣❪❦❳q❳❫❤❖✩◗❳▲✡❣✌❬✯❨⑤◗❧❫✁❲❀✈⑦❚❱❖❪❫❴❨❩❑❘❣✖◗❧❦❳❯⑩❚❱❑P❖✝❜❡❞✉❚❱❑❳❑❘❭✡▲ ➃◗P◗P❶➃❧❵❀❜⑧❚✯❙❳❯❪❫❤❑❘✈◆❫❤❙❀❚❱❜❴▲✕❚❹❭◆❖❃❭✱❜⑧❚✐❬✧❫❴❣❃▲✻▲◆❑






































































































































































































✉ ▲✙✇✞✝ ✝❋⑧ ✝
⑩






















































































































































































































































✻❑P❬s❜●✺✹❂✵✧❢▼✹❺✷✒✑ ✻❑P✌❢❬✹➀➔❑✵✔✓✶❄❅✹❺❦ ❵✖✕✘✗ ❨☞✙❍❊❍●❵❢▼●❹❻
















































Days with respect to the first point
































Days with respect to the first point
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        1000000
           1438
-0.7649E-02
  1.034
  58.03    /    59
Constant   54.56
Mean -0.3151E-01
Sigma   1.014
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           1427
-0.1544E-01
 0.1354
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           1425
 0.2660E-02
 0.1424
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ID         1000000
ENTRIES            1438
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        1000000
           6163
 0.2279
 0.9792
  66.62    /    65
Constant   250.7
Mean  0.2251
Sigma  0.9712
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✬ ♥❡✯✼✬✘❩❵❚❫♥❄❱✡✪◗❩❵❚✧❴ ❱✢❚❡✯ ♥✰✯✱✪✭✬ ♥ ✯✱✣❲✬✦❚❫♥❋✶✲✣ ❦❨❱ ♥ ❨❵✯✱✣❲✬❭✪❭❦ ✬ ✙✓♥✬✭■❚☞♥ ✶❆✣✁❦ ❱ ♥❄❚❩✣✝❉ ✣❲❱✼✪ ✩ ♥✬✶✲✣✛✚ ❦☛✶✏❴ ✶❛✙✓♥☞✩✫❴ ✶❖❦❨❱ ✕ ❚ ❦✭✪◗❩✆✜❵❴ ❚❭❪✱❴✖✛ ❨

























➪✜➶❅❄✠➶❅❞  ✂✁❧➴ ✃♥❮✴➬✦Ò✄✁✴Ð✩Ï ❒✄ ➷❮✴➬ ❈①Ð✩ÑP➴➮Ð⑨❮✴Ð✢❢☎✁☎ 
❚→❾❆④❴➔✺s➁⑦❃➀✮✇❉rP③✗❲①➌
 
➈✸③✉rPs✉t➜✈❇rP③❇③✉⑩⑧❸✴❾❆⑩❙Ø①②❇⑤✷⑩❴t✷t✮✇❉rP③ ✈①s✱❤✉s①Ø✙✈❏❾ s❇③☞rP❷①↕✮⑩❋➀➋⑩❋③ ✾❦rP③✉❶❋➀✮✇❉rP③ ✈❇⑩⑧t✷rP③ ✈❇④❴❶❩⑦❃❸❯⑦❃❿✹⑩⑧❼✹⑩❋⑤✷t➄❸❉⑩
⑤✷rPs❇❿✹⑩✳➌✿❀●rPs✉t❪②❨rPs❇❼✹rP③✉t▼✈❇rP③✉❶✳➈①t▲⑦P❶✷➝➁⑦❃③✺➀▼❸❉⑩♦✈❇④❴❶❩⑦❃❸❯⑦❃❿✹⑩➊t✮②✦⑩❴❶❋➀✮⑤▲⑦❃❸❨✈❇⑩❛③✉rP➀✮⑤✷⑩➊rP❷①↕❳⑩❋➀❩➈①❶❩⑦❃❸❉❶❋s❇❸❉⑩❋⑤❪❸❉⑩✝❤✉s①Ø➐⑦❃➀✮➀✷⑩❋③✉✈①s➐②❨rPs❇⑤
✈❇⑩❴t▼❼✳⑦❃❸❉⑩❋s❇⑤✷t➅✈❇rP③❇③✉④❴⑩❴t●✈❇⑩❴t▼②➁⑦❃⑤▲⑦❃⑥➂❺❋➀✮⑤✷⑩❴t➅❶❴r✳t✮⑥➂rP❸❉rP❿✳✇❉➔✺s✉⑩❴t❩➌










































































































Jours par rapport au maximum













Courbe de lumière simulée à z=0.5
Jours par rapport au maximum













✞✠✟☛✡✠☞✽✌ ❧ ❘ ✑✧✓✖✕❲❴ ✬✘✗ ♥❵❚✲✙✓♥✖✩✫❴ ✶❖❦ ▼❄✬✤♥✖❚ ❦☛✶✖❴ ✩ ❩ ♥❵❚✲✙❪✣❲❱❑❚✒✩ ♥❵❚ ★✛✩✫✪✭✬ ♥❵❚❖❞ ♥❭✪✍✸❩✙✓♥✖✩✤✛ ❦❨❱❑❚❄✪✭✬❄❴❫✶✽♥❭❱✡✪ ▲✚★✫▲❖✓✫✭✳✙❲❴ ✪◗❩❭✩ ♥❵❚✱✯✤✕ ✯ ♥






























➥➄➦✌☞ ✍✏✎✉➩➜➲❇➼➽➫✛✕ ➫✠➺●➼ ➳➜➫✠➲✍☛⑨➾➅➩✒✠✔✓➎➫✠➲✌➳➜➫ ➭✷➩✏✕ ➻✘✗✙✠✦➫
➍➊⑦❃③✉t↔❶❴⑩❋➀✮➀✷⑩✑②➁⑦❃⑤✮➀✮✇❉⑩✳➈▼③✉rPs✉t↔✈❇④❴❶❋⑤✮✇✱❼✹rP③✉t✒❶❴rP⑥❹⑥➂⑩❋③✺➀❩➈➅➣ ②➁⑦❃⑤✮➀✮✇✱⑤➏✈❇⑩✑③✉rP➀✮⑤✷⑩✑⑥➂r✺✈❇❺❋❸❉⑩✳➈➃③✉rPs✉t↔✈❇④❋➀✷⑩❋⑤✮⑥❹✇✱③✉rP③✉t➏❸❉⑩❴t
②➁⑦❃⑤▲⑦❃⑥➂❺❋➀✮⑤✷⑩❴t❛✈❇⑩❴t➃❶❴rPs❇⑤✮❷❨⑩❴t➅✈❇⑩♦❸✱s❇⑥❹✇❉❺❋⑤✷⑩✳➌

















✏✓✒✁  ✒✕✆▲✩✫✪✬✣✭☛☎✍✡✔❍✍✻✧❖☛❇✘✛✍✰✣ ✂✲✖✳✪✸✌✝✴✙✍✙✣✶✘✛✍✷✜❊✪☎✔❍✠ ✹✡✌✝✍ Ù❍Û
Õ















































✩✎✍ ✾ ❸❉⑩✟❤✉s①Ø↔⑩❋➀▼❸✴❾❆⑩❋⑤✮⑤✷⑩❋s❇⑤❛rP❷✉t✷⑩❋⑤✮❼✹④❴⑩➄⑦❃s↔➀✷⑩❋⑥❹②✉t☞✘ ✩✎✍ ✾ ➌
❚✸⑩➆⑥➂r✺✈❇❺❋❸❉⑩➆t❍❾❆④❴❶❋⑤✮✇✱➀➅⑩❋③↔s❇➀✮✇✱❸✱✇❉t▲⑦❃③✵➀
❪
➌ ❴❹⑦❴❼✹⑩❴❶➄❸❉⑩❛➉✉❸✱➀✮⑤✷⑩➆⑩❙➡❨⑩❴❶❋➀✮✇ ✾✠✈❇④❙➉✉③❇✇✩②➁⑦❃⑤✎❲①➌ ❴ ❵
❑
◆ ✵ ● ❆✑✏❫❆❇✷✙✘ ✩✎✍ ✾ ✻ ◆✑▼ ✩
✗
✷✰✷✙✘ ✩✎✍ ✾ ✪ ✘








































✩✎✍ ✫✺❁ ❉✡✠☞☛❂❉ ✭✌☛






✩✎✍ ✫✺❁ ❉✡✠☞☛❂❉ ✭✌☛








Days with respect to maximum









































































 : 48986.41 +/-0.044maxDate
1992 December 29 21:52:52.9056
 / deg de lib 1.174322χ



























Days with respect to maximum











































































 : 48986.41 +/-0.044maxDate
1992 December 29 21:52:52.9056
 / deg de lib 1.174322χ





























✞✠✟☛✡✠☞✽✌ ❧☎✄ ✑✝✆✶✜❵❴ ❚❄✪❙♥❋✶ ♥❄❱✼✪✠✙ ♥✖✩✦✣ ✯✤✕❲❴ ✬✿✗ ♥❏✙✓♥✖✩✫❴❫✶✳❦ ▼❄✬ ♥✲✙✓♥✚✎✝✌❪✌✻✭❫✗✤✕✳✙❇❩✰✯▼✕❲❴ ❉ ♥❄✬❄✪❙♥ ✙❪✣ ❱❑❚✒✩ ♥✧✯✤✣❪✙❲✬ ♥✲✙ ❴ ✓✖✣❲✩■❨❲❱ ●✿❃ ✕ ✩✦✕❲✩■✕
❚❄❴✘✯❜♥❄✬❵❱❈✕✝❉ ✣ ❚❄❴ ✬❋❉ ♥❄❯✓❧✩✓✡♥✱✪❫✪❙♥❖❚❵❴ ✯ ♥❄✬❄❱ ✕✝❉ ✣❖✣ ❴ ❱✚✙❇❩✰✯✤✣ ✩✦✣✘✺ ♥✠❉ ♥❄✬❵❚❖✩ ♥ ✬❇✕ ❴✝✺✓♥❙✙✓♥✞✕❏❧ ✕❪✎✟✞ ❧❪✼✸♥ ✬✰❩❄❚❵❴ ✩✫✪ ✣ ✪✢♥❵❚❭✪ ✯✼✬✰❩❄❚☞♥❄❱✡✪◗❩✎♥❄❱✡✠ ❴✲✚

















✏✓✒✁  ✒✕✆▲✩✫✪✬✣✭☛☎✍✡✔❍✍✻✧❖☛❇✘✛✍✰✣ ✂✲✖✳✪✸✌✝✴✙✍✙✣✶✘✛✍✷✜❊✪☎✔❍✠ ✹✡✌✝✍ Ù❍Û✳Û
Days with respect to maximum































 : 48986.41 +/-0.044maxDate
1992 December 29 21:52:52.9056
 / deg de lib 1.174322χ




























Days with respect to maximum































 : 48986.41 +/-0.044maxDate
1992 December 29 21:52:52.9056
 / deg de lib 1.174322χ
























✞✠✟✏✡✠☞✍✌ ❧✁ ❆✑ ✆ ✜❄❴❇❚❭✪❙♥❋✶ ♥❄❱✡✪❙✙✓♥✖✩■✣✤✯✤✕ ❴ ✬✘✗ ♥❏✙✓♥✖✩✫❴ ✶❖❦ ▼❄✬✤♥✲✙✓♥✲✎✝✌❪✌❪✭❫✗✹✕✳✙ ❩✰✯✤✕❲❴❫❉ ♥❄✬❭✪❙♥ ✙❪✣❲❱❑❚✖✩ ♥✧✯▼✣❪✙❲✬ ♥✲✙❲❴ ✓✖✣❲✩■❨❲❱ ● ❃❱✕❲✩■✕❲✩■✕
❚❵❴ ✯ ♥❄✬❄❱ ✕✝❉☎✣ ❚❵❴ ✬ ❉ ♥❄❯✓❧❬✓✡♥❭✪❫✪❙♥✒❚❄❴✘✯❜♥❄✬❵❱❈✕✝❉ ✣❅✣ ❴ ❱✧✙❇❩✰✯✤✣ ✩✦✣✘✺ ♥ ❉ ♥❄✬❵❚☞✩ ♥☞✬✹✕❲❴✝✺ ♥✲✙✓♥ ✕❏❧ ✕❪✎✟✞✥❧✩✼ ♥☞✬✘❩❵❚❵❴ ✩ ✪ ✣ ✪✎♥❵❚❄✪✜✯✼✬✘❩❵❚❫♥❄❱✡✪◗❩✽♥❄❱
✶✲✣✘✺❲❱❜❦✭✪✭❴✥✙✓♥■✯✤✕❲✬❄✬ ❦■✺❇❩ ✯✱✕❲❴ ✬ ✩✤✛ ♥ ✚ ✪❭❦ ❱✼✯▼✪❭❦❍✕❲❱ ✂❙✣ ✩✦✣ ✯▼✪❭❦✭❪❭❴❜♥❫❧✂✼ ♥❵❚✒✙✓♥❄❴✲✚ ✯✤✣❪✙❲✬ ♥❵❚❅✙❲❴ ✗✤✣ ❚❘✬ ♥❡✯✼✬✘❩❵❚☞♥❭❱✡✪❙♥❄❱✡✪ ✩ ♥❵❚❘✬✘❩❵❚❃❦❍✙❲❴ ❚ ✙✓♥
✩✤✛ ✣ ✜❄❴ ❚❄✪❙♥❋✶ ♥❄❱✡✪❙❧







































➈ ✚✩rP③❇⑤✮➤ ✍ ⑩❋➀➜⑦❃❸
●❳❲✁❨✁❨✁❴
■
✍ ☎♦③✉rP② ✍ ⑩❋➀➅⑦❃❸✴➌ ●❳❲✁❨✁❨✁❴
■✤■
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✏✓✒✁ ✿✒ ✂✲✖✙✧✯☛☎✌✄✂✙✜✢✍ ✘✛✍ ✜✢✆ ✞✻✌▲✖▲✂☎✚✻✘ ✪☎✌✎✍ ✘✆☎ ✆✛✩✫✪✬✣✭☛☎✍✡✔✮✍✡✧✯☛ Ù❍Û ❪

































❶❴⑩❋❸✱❸❉⑩➆✈❇⑩ ☎♦③✉rP② ✍ ⑩❋➀➅⑦❃❸✴➌ ●❳❲✁❨✁❨✁❴
■
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✷✺✹✼✻ ✩★✧ ✷✺✹✔✻ ✳❃❂
❉❑✷












































































✏✓✒✁  ✒ ✂✲✖✙✧✯✂☎✜❊✪✬✣✥✠✦✖✙✧ Ù❫ ①Ù
Days with respect to maximum












































































 : -0.3 +/-5.6e-07maxDate
1858 November 16 05:56:26.0192
 / deg de lib 330.9072χ





























Days with respect to maximum








































































 : -0.3 +/-5.6e-07maxDate
1858 November 16 05:56:26.0192
 / deg de lib 330.9072χ





























Days with respect to maximum









































































 : -0.3 +/-5.6e-07maxDate
1858 November 16 05:56:26.0192
 / deg de lib 330.9072χ






























✞✠✟✏✡✠☞❙✌ ❧ ✞ ✑ ✓✖✕✝✶✷✯✱✣❲✬✹✣ ❦ ❚✿✕❲❱ ✙✓♥❵❚❏✶❆✕ ✙✗▼❄✩ ♥❵❚✾✙ ♥ ✯✤✕❲❴ ✬✿✗ ♥✳✙✓♥❘✩✫❴❫✶✳❦ ▼❄✬ ♥❅✙✓♥ ✂❙✕❲✩✦✙❲❳❫✣ ✗ ♥❄✬ ♥❭✪❖✣❲✩ ❧P❚❡✭✸✕✗✕❪✎❋❲✱♥❭✪P✙✓♥ ❱❈✕ ✪✭✬✤♥
































































             17
-0.2131E-01
 0.2174E-01
BMAX - BMAX(Knop2003)  Err(BMAX)< 0.03
✞✠✟☛✡✠☞❙✌ ❧ ✌❄✑ ✓✖✕✻✶❬✯✥✣❲✬❇✣✁❦ ❚✿✕❲❱ ✙✓♥❵❚❥♥❵❚❄✪❭❦☛✶✲✣ ✪❭❦◆✕❲❱❑❚ ✙✓♥  
✤
✙ ♥ ✯ ♥❭✪❫✪❙♥❁✣❲❱ ✣❲✩✫❯ ❚☞♥ ♥✱✪❖✙✓♥✲✮✒❱ ✕ ✯✁  ♥❭✪❖✣ ✩ ❧❵❚ ✭✸✕✣✕ ✑ ❲ ❊ ✩ ♥❵❚
✪✭✬✹✕ ❦ ❚ ★✫✺❲❴ ✬ ♥❵❚❖✶✲✕❲❱✡✪❙♥❭❱✡✪✙✩✦✣ ✙ ❦ ✮ ❩❄✬ ♥❄❱✼✯ ♥❖♥❄❱✡✪✭✬ ♥✦✩ ♥❵❚P✶✲✣✘✺❲❱ ❦❨✪✭❴✥✙✓♥❵❚❬❜ ✣❲❴✾✶✲✣✛✚ ❦☛✶✖❴❫✶ ✙✓♥❵❚ ❚❵❴ ✯ ♥❄✬❄❱ ✕✝❉✄✂ ✯✼✬✹✕▼✯❄❳✿♥❄❚✚❚❳✣✝❉ ♥✘✯
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 : 51026.95 +/-0.033maxDate
1998 August 1 010:45:37.6185
 / deg de lib 9.653912χ
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Diagramme de Hubble dans le filtre B
 0.7ΛΩ 0.3, MΩ
 0ΛΩ 0.3, MΩ
 0ΛΩ 1, MΩ
 1, Grey DustMΩ
 0ΛΩ 0, MΩ
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Décalage vers le rouge
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Décalage vers le rouge





















Diagramme de Hubble dans le filtreB residual1
Entries  46
Mean   -0.01898
RMS     0.183
resid









Décalage vers le rouge



















Mean   -0.03209
RMS     0.988
resid
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longueurs d’onde (angstroems)
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⑩❋➀➆❸❯⑦✒❶❴rPs❇❸❉⑩❋s❇⑤ ✆ ✪ ✽➐➌✩ ●③✉⑩❖✾❦rP✇❉t➄⑩❋③✉❶❴rP⑤✷⑩✳➈✩③✉rPs✉t➄❼✹r❩➤✹rP③✉t➜➔✵s✉⑩❹❸❉⑩❴t➄t✮s❇②✦⑩❋⑤✮③✉r❍❼①Ö ❸❉⑩❴t➆⑥➂rP✇✱③✉t➄❸✱s❇⑥❹✇✱③✉⑩❋s✉t✷⑩❴t
t▲rP③✵➀➃❸❉⑩❴t▼②❇❸✱s✉t➅⑤✷rPs❇❿✹⑩❴t❩➌
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Décalage vers le rouge






































Mean   -0.2083
RMS     0.544
resid










Décalage vers le rouge

















Mean   -1.629
RMS     4.363
resid
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✍✻✌✟✣✶✜✢✍ ✌❣✖✳✪ ☎✵✍ Ù❫❪✹Û
Décalage vers le rouge







































Mean   -0.03303
RMS    0.1581
resid











Décalage vers le rouge

















Mean   -0.1472
RMS    0.7904
resid
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Décalage vers le rouge






































































 0.7ΛΩ 0.3, MΩ
 0ΛΩ 0.3, MΩ
 0ΛΩ 1, MΩ
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Diagramme de Hubble dans le filtre B
 0.7ΛΩ 0.3, MΩ
 0ΛΩ 0.3, MΩ
 0ΛΩ 1, MΩ
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 0ΛΩ 0, MΩ
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✫✓✒✚✘✛✖✙✸✺✖✙✏✰✘❁✧❞✏✓✪✬✫✓✒❊✍❁❀ ✪✬✏✓✒ ✖✗✒✛✘✚✥❂✸✺✮❃✱✦✖✗✒✺❀★✍✑✱✦✖✙✫✭✤✛✒❊✴✭✖✗✒✺✤✛✮✗✒✚✥✦✴✶✫✓✒❅❨ ✏✓✪✬✘✚✤✛✖❋✴✶✥✲✍✑✷★✤✯✍✑✸✹✸✺✖ ✴✭✖




✱✦✖✺✴✭✮✗✔❁✍✑✱✲✍✑✷ ✖✺❀ ✖✙✤✛✒❫✱✦✖✹✤✛✪✬✫✭✷ ✖★✧▼✱✲✍
✔✗✪✬✫✭✱✦✖✙✫✭✤✽✍✑✫✵✸❱✍❑Ø ✥❂✸☞✫✭✸ ✖✙✘☛✱✦✖✟✾▲✍✬✔✙✘✛✖✙✫✭✤☎✴ ❚❯✮✙✘✚✥❂✤✛✖✙✸✺✖✙✏✩✘❁❑





✖✙✏❈❪✣✍✑✫✭✘P❨ ✷✰✍✑✫✓✔✛❪✓✖✺✤✛✖✙✜✭✤✛✮✗✒✛✖✙✏✰✘✛✖✾✱✦✖✗✒✽✤✛✮✗✒✚✥✦✴✶✫✓✒P✍✑✫ ✴✶✥✲✍✑✷★✤✯✍✑✸✹✸✺✖✺✴✭✖✏✜✻✫✭✼✭✼✭✱✦✖✹✖✙✏✮✾ ✪✬✏✓✔✙✘✚✥✦✪✬✏ ✴✶✫
✴✭✮✗✔❁✍✑✱✲✍✑✷ ✖✳❀ ✖✙✤✛✒✢✱✦✖☞✤✛✪✬✫✭✷ ✖★✧✣✏✓✪✬✫✓✒✢❀ ✪❁❄ ✪✬✏✓✒✎❜✩✫▼❚ ✥❂✱◗✏▼❚❯✖❙Ø ✥✦✒✚✘✛✖☞✜✣✍✬✒✢✴✭✖☞✔✗✪✬✤✚✤✛✮✙✱✲✍✑✘✚✥✦✪✬✏ ✤✛✮✗✒✚✥✦✴✶✫✓✖✙✱❂✱✦✖★❑❨× ✱❘✏▼❚ ❄❋✍ ✴✭✪✬✏✓✔❫✜✣✍✬✒✽✴✭✖
✼✭✥✲✍✑✥✦✒✻✒✚❄✶✒✚✘✛✮✙✸❱✍✑✘✚✥✦❜✰✫✓✖✎✖✙✏ ✾ ✪✬✏✓✔✙✘✚✥✦✪✬✏❋✴✶✫❃✴✭✮✗✔❁✍✑✱✲✍✑✷ ✖❫❀ ✖✙✤✛✒❛✱✦✖✎✤✛✪✬✫✭✷ ✖★❑






✴✭✖ ✱✲✍✽✔✗✪✬✫✭✱✦✖✙✫✭✤❙✍✑✫✹✸❱✍❑Ø✶✥❂✸❫✫✭✸❃❑✁❀✢✪✬✫✓✒◆❀ ✪❁❄ ✪✬✏✓✒❵❜✩✫✓✖❞✱▲❚ ✍
✁
✫✓✒✚✘✛✖✙✸✺✖✙✏✩✘❳✴✭✖ ✱✲✍☎✤✛✖✙✱✲✍✑✘✚✥✦✪✬✏✺✴✭✖✕✒✚✘✯✍✑✏✓✴✓✍✑✤✛✴✶✥✦✒ ✍✑✘✚✥✦✪✬✏✹✜❩✖✙✤✚✸✺✖✙✘❙✴✭✖
✴✭✮✗✔✗✪✬✤✚✤✛✮✙✱✦✖✙✤☞✔✗✪✬✸✹✜✭✱✦❲✙✘✛✖✙✸✺✖✙✏✰✘❫✱✦✖✗✒✎✴✭✖✙✫①Ø ✜✣✍✑✤✯✍✑✸✺❲✙✘✚✤✛✖✗✒❁❑ ❴❵✏✶❆✓✏▼✧▼✏✓✪✬✫✓✒✎✔✗✪✬✏✓✒✚✘✯✍✑✘✛✪✬✏✓✒P❜✩✫✓✖☞✱✦✖✗✒✎✒✛✫✭✜❩✖✙✤✚✏✓✪❬❀①Ö ✱✦✪✬✥❂✏✩✘✯✍✑✥❂✏✓✖✗✒










✴✶✫❍✾▲✍✬✔✙✘✛✖✙✫✭✤✽✴ ❚❯✮✙✘✚✥❂✤✛✖✙✸✺✖✙✏✩✘❁❑  ☎✏✓✖❂✾❏✪✬✥✦✒✻✖✙✏✓✔✗✪✬✤✛✖★✧❩✏✓✪✬✫✓✒✽✔✗✪✬✏✓✒✚✘✯✍✑✘✛✪✬✏✓✒✎❜✩✫▼❚ ✥❂✱❘✏✓✖☞✤✛✖✗✒✚✘✛✖☞✜✣✍✬✒✻✴✭✖✳✔✗✪✬✤✚✤✛✮✙✱✲✍✑✘✚✥✦✪✬✏ ✤✛✮✗✒✚✥✦✴✶✫✓✖✙✱❂✱✦✖
✍✑✜✭✤✛❲✗✒✢✱▲❚ ✍
✁
✫✓✒✚✘✛✖✙✸✺✖✙✏✰✘✽✴✭✖P✱✲✍✺✤✛✖✙✱✲✍✑✘✚✥✦✪✬✏❈✴✭✖☞✒✚✘✯✍✑✏✓✴✓✍✑✤✛✴✶✥✦✒✯✍✑✘✚✥✦✪✬✏▼❑✿✌✽✖P✸✽✼✙✸✺✖★✧ ✱✦✖✗✒☎✒✚✫✭✜✿✖✙✤✚✏✓✪❁❀❇Ö ✱✦✪✬✥❂✏✰✘✯✍✑✥❂✏✓✖✗✒✽✒✚✫✭✥❂❀ ✖✙✏✰✘✢✱✦✖✗✒
✴✶✥✦✒✛✘✚✤✚✥❂✼✭✫✭✘✚✥✦✪✬✏✓✒✎✴✭✖✗✒✻✒✚✫✭✜✿✖✙✤✚✏✓✪❁❀❇Ö ✜✭✤✛✪✩✔✯❪✓✖✗✒✻✥❂✏✓✴✶✥✦❜✩✫✣✍✑✏✰✘✽❜✩✫✓✖❫✏✓✪★✒✻✤✛✖✙✱✲✍✑✘✚✥✦✪✬✏✓✒✽✴✭✖❫✒✚✘✯✍✑✏✓✴✓✍✑✤✛✴✶✥✦✒✯✍✑✘✚✥✦✪✬✏ ✒✛✪✬✏✩✘✢✮✙✷✰✍✑✱✦✖✙✸✺✖✙✏✩✘
✔✗✪✬✤✚✤✛✖✗✔✙✘✛✖✗✒✻✜✿✪✬✫✭✤❛✱✦✖✟✾❏✍✬✔✙✘✛✖✙✫✭✤☎✴ ❚❯✮✙✘✚✥❂✤✛✖✙✸✺✖✙✏✩✘❁❑





❨✎✷✰✍✑✫✓✔✯❪✓✖✽✜✭✤✛✮✗✒✛✖✙✏✰✘✛✖✢✱✦✖✻✜✭✫✭✱❂✱❩✴✭✖✗✒ ✤✛✮✗✒✚✥✦✴✶✫✓✒✕✴✭✖✻✏✓✪✬✘✚✤✛✖✽✴✶✥✲✍✑✷★✤✯✍✑✸✹✸✺✖✢✴✭✖ ✜✻✫✭✼✭✼✭✱✦✖★✧ ❦♠❧ ♥❫❧✦✧✰✱✲✍☞❀✬✍✑✱✦✖✙✫✭✤





Décalage vers le rouge






































































✞✠✟✏✡✠☞✽✎✣✕❏❧✏✎ ✞❏✑❆❞ ❩❵❚❃❦❍✙❲❴ ❚✬✣❲❴❁✙✁❦❍✣✘✺ ✬❇✣✝✶ ✶ ♥ ✙✓♥ ✪ ❴ ✗✘✗❄✩ ♥❙✯✱✕❲❴ ✬❬❘ ✄ ❚❄❴✘✯ ♥❭✬❵❱ ✕✻❉☎✂✜✯✼✬✹✕▼✯❄❳✿♥❵❚✽♥❭✪✫❘ ❚❄❴✘✯❜♥❄✬❵❱❈✕✝❉☎✂ ✩✦✕ ❦❨❱✡✪ ✣ ❦❨❱ ♥❵❚
♥❄❱ ✲✿✕❲❱✼✯✱✪❭❦◆✕❲❱ ✙✓♥❵❚❖✯✱✣❲✬✹✣✝✶✡▼❭✪✭✬✤♥❄❚✾✙✓♥❄❚ ❚❵❴ ✯ ♥❄✬❄❱ ✕✝❉☎✂✁ ✽✩ ♥✒✙❇❩✘✯✤✣❲✩■✣✘✺✓♥✒❉ ♥❄✬❂❚ ✩ ♥❘✬✹✕❲❴✻✺✓♥ ♥❄❱ ❳✱✣❲❴ ✪P❨✾✺❪✣ ❴❬✯❄❳ ♥ ❊ ✩ ♥ ✲✿✣ ✯✱✪❙♥❄❴ ✬














✂✩✞☎✄   ✂ ➻✘✎☎✄✽✠✔✎ ✕ ✕ ➫ ➳➜➫✝✆ ➩☞✓☞✓➓➭✷➫ ➫✠➺✝✆ ✠✡✄✽✠❈✎➃➺➜➳➋➲ ➳➜➵ ☛ ✎➃➭✘✎☛✄➃➫✠➲✁✠➃➫✙✠✦➲✌➭▲➫ ✠❨➾➃➩✳✄➃➫
✌✎✍✑✏✓✒✾✔✗✖✙✘✚✘✛✖❱✜✣✍✑✤✚✘✚✥✦✖★✧◗✏✓✪✬✫✓✒☞✜✭✤✛✮✗✒✛✖✙✏✰✘✛✪✬✏✓✒✾✱✲✍❉✔✗✪✬✏✓✒✚✘✚✤✚✫✓✔✙✘✚✥✦✪✬✏●✴✶✫❡✴✶✥✲✍✑✷★✤✯✍✑✸✹✸✺✖❊✴✭✖ ✜✻✫✭✼✭✼✭✱✦✖ ✖✙✏   ✔✗✪✬✏✓✒✚✘✚✤✚✫✭✥❂✘✹❨
✜✣✍✑✤✚✘✚✥❂✤✾✴✭✖✗✒
Ù
Õ❋✒✚✫✭✜❩✖✙✤✚✏✓✪❬❀①Ö ✜✭✤✛✪ ✔✛❪✓✖✗✒✳❜✰✫✓✖❱✏✓✪✬✫✓✒✳✍❁❀ ✪✬✏✓✒✳✒✯✮✙✱✦✖✗✔✙✘✚✥✦✪✬✏✭✏✓✮ ✖✙✘✳✴✭✖✗✒✳❴❋✒✚✫✭✜❩✖✙✤✚✏✓✪❬❀①Ö✝❜✩✫✭✥❞✪✬✏✰✘✳✼✿✮✙✏✓✮❇❆✣✔✙✥✦✮




























✂☎✄✝✆✟✞✡✠☞☛☎✌✎✍✁ ✄✂❏✒✕✘✛✠ ✆ ☎✵✌✎✆✟✔✮✔❍✍✗✘✛✍✷✄ ✪☎✴✙✴✵✜✢✍✷✍✝☛ ✂✲✖✲✣✥✔✗✖✙✜✰✖✝☎✵✠ ✍
Pool1
Entries  50
Mean   -0.09716
RMS    0.9964
resid










✞✠✟☛✡✠☞✽✎✗✕❏❧☛✎✝✌ ✑ ✆ ✺❪✣ ❴❬✯❄❳ ♥✽♥❭✪ ❨✒✙❲✬✹✕ ❦✭✪❙♥ ❊❖✬ ♥❵❚ ✯❜♥✰✯✱✪❭❦☛❉ ♥❋✶ ♥❄❱✡✪✴✩ ♥❵❚✦✬✘❩❵❚ ❦◆✙❲❴ ❚✳♥❄❱◗✶❆✣ ✺❲❱❜❦✭✪✭❴✱✙✓♥❖♥❭✪ ✩ ♥✠✯✔❴ ✩❨✩✜✙❲❴❁✙ ❦◆✣✘✺❲✬✹✣✝✶ ✶ ♥






























✭✖✕✗✕❪✎✿✺❲❱ ✭  ✓❧☛✎  ❴❚ ✕❏❧ ✕  ❇❲ ✭  ✓❧ ✕✣✕❅❚ ✕❏❧✏✎ ✎ ❲ ✕❏❧ ✌ ✎✳❚ ✕❏❧ ✕✟✞ ❲ ✕❏❧ ✕  ❁❚ ✕❏❧ ✕❪✎ ❲ ✕❏❧ ✕ ❘ ❚ ✕❏❧ ✕❪✎ ❲ ✕❏❧✁ ✘✌❴❚ ✕❏❧ ✕☎✭✿❲ ✎❏❧ ❘ ✄✳❚ ✕❏❧ ✕☎✭✿❲
✭✖✕✗✕❪✎ ❳✱✗ ✭ ❘ ❧✁  ✄❁❚ ✕❏❧ ✕ ❘✝❲ ✭ ❘ ❧   ✞❁❚ ✕❏❧✏✎ ✎ ❲ ✎❏❧☛✎ ✑❴❚ ✕❏❧ ✕ ❘✝❲ ✕❏❧ ✕ ✄✳❚ ✕❏❧ ✕❪✎ ❲ ✕❏❧ ✕  ❁❚ ✕❏❧ ✕❪✎ ❲ ✕❏❧ ✞  ❁❚ ✕❏❧ ✕☎✭✿❲ ✎❏❧ ✑ ✄✳❚ ✕❏❧ ✕☎✭✿❲
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Décalage vers le rouge
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Diagramme de Hubble dans le filtre U
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Entries  16
Mean   -0.2207
RMS     1.089
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Days with respect to maximum






































 : 51684.6 +/-0.19maxDate
2000 May 20 03:15:07.45
 / deg de lib 5.286222χ























Days with respect to maximum



































 : 51684.9 +/-0.22maxDate
2000 May 20 010:25:18.8599
 / deg de lib 3.297992χ
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 : 51684.9 +/-0.22maxDate
2000 May 20 010:25:18.8599
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 : 51684.9 +/-0.22maxDate
2000 May 20 010:25:18.8599
 / deg de lib 3.297992χ
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 : 52032.8 +/-1maxDate
2001 May 3 06:34:26.4608
 / deg de lib 0.9764712χ
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✌
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 
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